A simultaneous deterioration in performance of several radioimmunoassays suggested that equipment was malfunctioning. Replicate counts from an automated gamma counter showed unacceptable variation during a 24-hour period; this variation was detected using Trigg's technique, a sensitive method for trend analysis, and was not identified by the usual laboratory testing procedures. A defective capacitor was found in the voltage stabilisation unit in the gamma counter, which probably made it responsive to small variations in the power supply to the laboratory. It is suggested that the analysis of replicate counts using Trigg's technique is a valuable test of gamma counter function which should become routine.
The automated two-channel gamma counter under test was a Wallac Decem series Gamma Sample counter GTL 300-1000. In one test it was run in parallel with an LKB Wallac 80000. Replicate counts were obtained by counting repeatedly a single sample of 125 1 labelled material, for a fixed time of five minutes. Theoretical decay curves for radioactive counts were obtained by extrapolating from the mean of the first 10 counts on the basis of the half-life of 125 1, 60 days. Random numbers showing a gaussian distribution with mean 10000 and SD 100 were derived using a Monte Carlo technique (Freund, 1972) . These were used to mimic radioactive counts and their theoretical variability.
Replicate counts were analysed using Trigg's technique as described by Cembrowski et al. (1975) . This technique is based on the assumption that the next result of a series can be predicted from an exponentially weighted mean of the previous results, The difference between the actual next result and the predicted next result is called the 'forecast error'. Successive forecast errors are also averaged by exponential weighting, and Trigg's tracking signal is calculated by dividing this exponentially weighted forecast error by the mean absolute deviation of the results, which is proportional to their standard deviation.
Trigg's tracking signal is dimensionless and varies between limits of plus and minus one. The 117
The testing of equipment performance in clinical biochemistry departments is often neglected. In this department, the performance of a Wallac automated gamma counter was routinely tested by a monthly check for background contamination in each carrier position, together with an occasional check that a few replicate counts varied within expected limits.
A simultaneous deterioration in the performance of several radioimmunoassays led to a closer inspection of the automated gamma counter. Judged visually, replicate counts gathered over several hours appeared to show a slightly greater variability than expected. To assess the significance of this, the replicate counts were subjected to trend analysis by the technique of Trigg (1964) . This is a sensitive method for detecting and assessing the significance of trends, and is very suitable for computerisation. Although it may not be as useful as cumulative sum techniques (Woodward and Goldsmith, 1964) for detecting stepwise changes common in clinical chemistry results, it is of great value in monitoring drifting results which are characteristic of much analytical machinery. The technique yields an exponentially weighted mean giving an assessment of the size of the drift, and a tracking signal which monitors the statistical significance of the drift. closer the tracking signal approaches its limits, the more significant the trend that is occurring. By selecting the appropriate constant for the exponential smoothing, Trigg's technique can be tailored to pick up trends of any defined length. The constant used for this investigation was 0'1, which is equivalent to calculating a running mean over 19 observations (Brown, 1962 ). Trigg's technique therefore yields two important statistics: the exponentially weighted mean, which fluctuates as trends occur; and the tracking signal, which gives a measure of the significance of the trend.
The program to calculate the exponentially weighted mean and tracking signal is simple (Cembrowski et al. 1975 ). In the present study it was run on an Olivetti P652 programmable calculator.
Results

_.
Decay curv9 9·5 Fig. 2 Weighted means and tracking signals obtained simultaneously for two gamma counters. One hundred and eighty replicate counts from a single channel of the Wallac gamma counter are shown in Fig. 1 . Although there is some evidence of a variation in the counts produced, it is difficult without further analysis to know whether this variation is significant. The exponentially weighted mean of these counts and the tracking signal with 99 % confidence limits are also shown in Fig. 1 .
Highly significant trends occurred in the counts recorded at 20.00, 21.30, 03.30, and 07.00, These could not be explained by chance variation: out of 1600 TirTll! 2000 2400 0400 180 observations, 12 were outside 99% confidence limits. The second channel of the gamma counter showed virtually identical variation.
To assess this variation further, replicate counts were obtained simultaneously during a 24-hour period on the Wallac counter under test and on a gamrna counter which was thought to be functioning normally. Figure 2 shows the exponentially weighted means and tracking signals for sections of this time period. The output from the counter under test showed a pronounced departure from the theoretical decay curve, and out of 220 observations of the tracking signal, nine exceeded the 99 % confidence limits. Significant trends occurred at 16.30, 18.00, and 20.30 . For the other counter, there was a small departure in the exponentially weighted mean from the theoretical decay curve, but the number of observations of the tracking signal outside the 99 % confidence limits (two out of 220) was not greater than that expected by chance. There appeared to be some correlation between the times when trends occurred on the two machines-for example, between 16.30 and 21.DO-although this may have been a chance phenomenon.
IDENTIFICATION OF THE FAULT
On both test occasions, both channels of the Wallac counter varied identically. In addition, significant falling trends of results occurred in the evening, and a rising trend of results occurred just before laboratory opening-times when power supplies to the laboratory are likely to fluctuate. A defective 470 ,.,.F reservoir capacitor was found within the voltage stabilisation unit on the Wallac, and was replaced. Figure 3 shows the exponentially weighted mean and tracking signal for a series of replicate counts on the Wallac counter obtained after repair. The exponentially weighted mean closely follows the theoretical decay curve, and the number of tracking signal results outside limits (one out of 170) is that expected by chance. The pattern of local fluctuations in these is likely to have arisen by chance. It closely resembles that shown in Fig. 4 , which was obtained by calculating the exponentially weighted mean and tracking signal on 180 random numbers with mean 1‫סס‬oo and standard deviation 100 (chosen to mimic radioactive counts),
DEMONSTRATION OF ACCEPTABLE PERFORMANCE
Conclusion
The results presented here illustrate an unusual gamma counter fault. Replicate counts showed a variation which occurred over time periods of 30 minutes or longer. This was not detected with the somewhat superficial assessment of gamma counter performance which was previously used in this department. Trigg's technique showed that performance was unsatisfactory and a fault was identified and repaired.
Although the technique was effective in showing 'bad' performance, the identification of 'good' performance is more difficult. For example, Fig. 2 shows that for a gamma counter thought to be working normally, the exponentially weighted mean became slightly lower than that expected from the theoretical decay curve. We consider it likely that this is because the first few replicate counts were slightly higher than they should have been, possibly related to a 'warm-up' phenomenon. Again, although the distribution of tracking signal observations for the repaired gamma counter in Fig. 3 is that expected by chance, the pronounced local fluctuations in the weighted mean look surprisingly large. Figure 4 , obtained from randomly derived 'perfect counts', illustrates that this variation can arise by chance. We conclude that the analysis of replicate counts by Trigg's technique is a valuable test of gamma counter function.
